Our objectives were to (1) compare the effect on pregnancies per artificial insemination (P/AI) of presynchronization of the estrous cycle with human chorionic gonadotropin (hCG) 7 d before resynchronization of ovulation (Resynch) initiated 25 d after timed artificial insemination (TAI) and compare the presynchronization treatment with the Double-Ovsynch (DO) protocol, and (2) evaluate whether hCG for presynchronization could be replaced with GnRH. In experiment 1, lactating Holstein cows were blocked by parity and were randomly assigned to receive (1) Resynch-25 (D25), the Resynch protocol (GnRH-7 d-PGF 2α -56 h-GnRH-16 h-TAI) initiated 25 d after TAI (n = 418); (2) HGPG, presynchronization with hCG (2,000 IU of Chorulon) 7 d before D25 (n = 450); and (3) DO (Pre-Resynch, GnRH-7 d-PGF 2α -72 h-GnRH; Breeding-Resynch, GnRH-7 d-PGF 2α -56 h-GnRH-16 h-TAI) initiated 22 d after TAI (n = 405). At 29 d after TAI, cows in the HGPG (37.3%) and DO (35.8%) groups had more P/ AI than did cows in the D25 group (28.0%), and cows in the HGPG and DO groups continued to have more P/AI than did cows in the D25 group at 53 d after TAI. Presynchronization with hCG induced ovulation in 76% of the cows, which increased the percentage of HGPG cows with a corpus luteum at the initiation of Resynch compared with cows in the D25 group. In experiment 2, the D25 (n = 368) and HGPG (n = 338) treatments described in experiment 1 were compared in addition to a third treatment (GGPG; n = 351), in which the hCG injection 18 d after TAI was replaced with a GnRH injection (200 μg of gonadorelin). At 32 d after TAI, cows in the HGPG group had more P/AI than did cows in the D25 group (33.7 vs. 25.5%), whereas cows in the GGPG group had intermediate P/AI (31.6%). At 53 d after TAI, P/AI tended to be greater for cows in the HGPG group than for those in the D25 group, whereas P/AI for cows in the GGPG group did not differ from that for cows in the D25 group. Treatment with hCG and GnRH 18 d after TAI induced ovulation in 58.8 and 48.2% of cows, respectively, but did not increase the percentage of cows with a corpus luteum at the initiation of Resynch. More cows in the HGPG and GGPG groups had their estrous cycles synchronized after the resynchronization protocols compared with cows in the D25 group. We conclude that presynchronization with hCG increased fertility by increasing synchronization to the Resynch protocol, whereas presynchronization with GnRH improved synchronization to the Resynch protocol but did not improve fertility when compared with no presynchronization or presynchronization with hCG.
INTRODUCTION
An effective reproductive management program maximizes the rate at which cows become pregnant after the end of the voluntary waiting period and decreases the number of cows leaving the herd because of reproductive failure. A common management scheme for first postpartum AI is to presynchronize the estrous cycle before starting the Ovsynch protocol (Pursley et al., 1995) . These presynchronization programs consist of 2 doses of PGF 2α 14 d apart (Presynch) with the second PGF 2α injection given 11 to 14 d (Moreira et al., 2001; El-Zarkouny et al., 2004; Navanukraw et al., 2004; Galvão et al., 2007) before Ovsynch, a full Ovsynch protocol 7 d before Ovsynch-56 [Double-Ovsynch (DO); Souza et al., 2008] , or a PGF 2α injection 2 d before a GnRH injection followed by Ovsynch-56 6 d later (Bello et al., 2006) . When compared with the Ovsynch protocol alone, some of these presynchronization programs improve P/AI for first-service AI (Moreira et al., 2001; El-Zarkouny et al., 2004; Navanukraw et al., 2004) . Nevertheless, even when these presynchronization protocols are applied correctly, P/AI varies between 40 and 50%. Thus, the significant proportion of cows that fail to conceive after first service should be rapidly detected and enrolled in efficient resynchronization of ovulation Effect of presynchronization with human chorionic gonadotropin or gonadotropin-releasing hormone 7 days before resynchronization of ovulation on fertility in lactating dairy cows protocols that maximize fertility while minimizing the interval between 2 successive inseminations (Giordano et al., 2012a) . The major effect of a resynchronization program may be observed in herds that rely heavily on timed AI (TAI) for AI services or those that fail to identify cows in estrus after a previous AI.
Because presynchronization programs improve the fertility of lactating dairy cows at first AI (Moreira et al., 2001; El-Zarkouny et al., 2004; Navanukraw et al., 2004) , novel strategies to presynchronize the estrous cycle before initiation of resynchronization of ovulation (Resynch) protocols are now being developed. Extending the interval between 2 successive inseminations is the major limitation of using presynchronization for resynchronized breedings because these resynchronization protocols can be implemented only after the pregnancy status of a cow is known. Indeed, P/AI can be improved by presynchronizing the estrous cycle before Resynch with either a single injection of PGF 2α 14 d before Ovsynch-56 (Silva et al., 2007) , a single injection of GnRH 7 d before Cosynch-72 (Dewey et al., 2010) , or a modified Ovsynch protocol 7 d before Ovsynch-56 (DO Resynch; Giordano et al., 2012c) .
A successful protocol to presynchronize the estrous cycle would ideally induce a high ovulatory response so that the percentage of cows with a functional corpus luteum (CL) at the initiation of Resynch is maximized (Giordano et al., 2012c) . A caveat of presynchronization strategies that use GnRH is that either all or some of the GnRH injections of the protocol may have to be administered before the CL from the previous ovulation has regressed. Because the ovulatory response to a GnRH injection in part depends on the pituitary release of LH, which is affected by circulating progesterone (P4; Colazo et al., 2008; Dias et al., 2010; Giordano et al., 2012a) , a potential alternative to overcome the suppressive effect of P4 on ovulation is the use of agents capable of inducing ovulation when P4 is high. Human chorionic gonadotropin (hCG) may effectively induce ovulation in a high-P4 environment because, as opposed to the pituitary-mediated mechanism of action of GnRH, hCG triggers ovulation by binding directly to LH receptors in the follicle (Ireland and Roche, 1982; 1983) . Another alternative might be to increase the dose of GnRH to overcome the suppressive effect of P4 on the pituitary release of LH (Dias et al., 2010; Giordano et al., 2012a) and increase the ovulatory response in lactating dairy cows (Giordano et al., 2009) .
The objective of experiment 1 was to determine if cows presynchronized with hCG 7 d before initiating Resynch 25 -56 hGnRH) initiated 25 d after a previous TAI] would have increased fertility compared with nonpresynchronized cows and would have similar fertility as cows presynchronized with the DO Resynch protocol. In a second experiment, we evaluated whether a 200-μg dose of GnRH could replace hCG and whether the fertility of presynchronized cows using either hCG or GnRH would be increased compared with that of nonpresynchronized cows. We hypothesized that presynchronization of the estrous cycle 7 d before the resynchronization of ovulation starting 25 d after TAI would result in a greater percentage of cows with a functional CL at the initiation of Resynch, thereby increasing fertility compared with nonpresynchronized cows and similar to that of cows resynchronized with a DO Resynch protocol. Moreover, we hypothesized that GnRH would be a viable alternative to replace hCG for presynchronization 7 d before the initiation of Resynch.
MATERIALS AND METHODS

Animals and Management for Experiments 1 and 2
The cows used for these experiments were lactating Holsteins from a commercial dairy in south-central Wisconsin (Brodhead, WI) milking approximately 1,600 cows. Experiment 1 was performed from November 2008 to June 2009, whereas experiment 2 was performed from June 2009 to December 2009. Cows were housed in free-stall barns with ad libitum access to feed and water and were fed a TMR diet once a day. The diet was formulated to meet or exceed NRC requirements (NRC, 2001) for high-producing lactating dairy cows. Throughout both experiments, cows were milked 3 times daily at approximately 8-h intervals, and all cows received subcutaneous injections of bST (Posilac, 500 mg; Monsanto Co., St. Louis, MO) every 14 d beginning at approximately 60 d postpartum. The rolling herd average was 12,982 kg, and average daily milk yield was 40 kg/cow per day, with 3.4% fat and 3.1% protein. All procedures, including injections, ovarian ultrasonography, pregnancy diagnosis, blood collection, and TAI, were performed while cows were restrained in self-locking head gates at the feed line.
Experiment 1: Treatments
Every week, a cohort of cows at various DIM and having at least 1 previous AI service were blocked by parity (primiparous vs. multiparous) and were randomly assigned to 1 of 3 resynchronization of ovulation treatments to receive their second and subsequent postpartum TAI. Cows were resynchronized by starting the Ovsynch protocol 25 d after a previous TAI (D25, control), the DO protocol beginning 22 d after a previous TAI, or presynchronization with hCG 7 d before beginning D25 (HGPG; Figure 1 ). All first-service TAI were performed after synchronization of ovulation using a DO protocol (Souza et al., 2008) .
All cows in the D25 group received an intramuscular injection of GnRH (200 μg of gonadorelin diacetate tetrahydrate, Fertagyl; Intervet Animal Health, Millsboro, DE) 25 d after TAI regardless of their pregnancy status. Cows (n = 418) diagnosed not pregnant using transrectal ultrasound (US) 29 d after TAI continued the protocol by receiving an intramuscular injection of PGF 2α (750 μg of cloprostenol sodium, Estrumate; Schering-Plough Animal Health, Summit, NJ) 3 d later 32 d after TAI, and then received an intramuscular injection of GnRH (100 μg) 56 h after PGF 2α , and TAI 16 to 20 h later ( Figure 1 ). All cows in the DO received the first GnRH (100 μg) injection of the Pre-Resynch portion of the DO protocol 22 d after TAI regardless of their pregnancy status. At 29 d after TAI, cows were diagnosed for pregnancy using US, and cows diagnosed not pregnant (n = 405) received PGF 2α (500 μg) and then GnRH (100 μg) 72 h later to complete the PreResynch portion of the DO protocol. Seven days later, cows began the Breeding-Resynch portion of the DO protocol by receiving GnRH (200 μg), PGF 2α (750 μg) 7 d later, GnRH (100 μg) 56 h after PGF 2α , and TAI 16 to 20 h later. All cows in the HGPG group received an intramuscular injection of hCG (2,000 IU of hCG, Chorulon; Intervet Inc., Millsboro, DE) 18 d after TAI, and 7 d later they began the D25 Resynch (n = 450) protocol similar to cows in the control treatment. Pregnancy diagnosis was performed 29 d after TAI by using transrectal US, similar to the other 2 treatments. Cows failing to conceive to a TAI service were rerandomized to treatments and inseminated until they conceived or were removed from the herd before the study was concluded.
Experiment 1: Pregnancy Diagnosis, Ovarian US, and Ovulatory Responses
Pregnancy diagnoses and ovarian US 29 d after TAI were performed by using a portable scanner (Easi-Scan, BCF Technology Ltd., Livingston, UK) fitted with a 7.5-MHz linear array transducer. The herd veterinarian performed pregnancy diagnoses at 53 d after TAI by transrectal palpation of the uterine contents. For all cows, pregnancy diagnosis was performed 29 d after TAI regardless of their resynchronization treatment to compare P/AI and pregnancy loss at similar time points between resynchronization treatments. All cows diagnosed pregnant 29 d after TAI were reevaluated using transrectal palpation 53 d after TAI. All cows in the D25 and HGPG Resynch groups diagnosed not pregnant 29 d after TAI continued the protocol to receive PGF 2α 32 d after TAI, as described previously.
In a subgroup of cows from the D25 and HGPG Resynch treatments (n = 92), transrectal US was performed to record the number and size of structures present on the ovaries for subsequent determination of ovulatory response to hCG (18 d after TAI) and GnRH (25 d after TAI) treatment and cyclicity sta- tus at 11, 18, 25, and 32 d after TAI. Follicle and CL diameter was estimated and recorded using on-screen background gridlines comprising squares with 10-mm sides in the portable scanner. Ultrasonography was performed for cows in both treatments to determine the presence or absence of a CL and the diameter of follicles present on the ovaries. Seven days later, ovarian US was performed to determine the ovulatory response to hCG or GnRH. Ovulation was defined as the presence of a follicle ≥10 mm at the initial US scanning and the presence of a new or an additional CL in the same location 7 d later at the second US examination. When necessary, P4 concentration was used as an aid to determine ovulatory response.
Experiment 1: Blood Sampling and Progesterone Analysis
In the same subgroup of D25 and HGPG cows (n = 98), blood samples were collected via puncture of the median caudal vein or artery into evacuated tubes with no anticoagulant (Vacutainer; BD, Franklin Lakes, NJ) at 11, 18, 25, and 32 d after TAI to determine P4 concentrations. Blood samples were transported to the laboratory in an insulated cooler within 2 to 3 h of collection and centrifuged at 4°C (2,000 × g, 20 min), and serum was harvested and stored at −20°C until assayed for P4 concentrations using a solid-phase, no-extraction RIA (Coat-a-Count; Diagnostic Products Corporation, Los Angeles, CA). Average sensitivity for the 3 P4 assays was 0.03 ng/mL. The intraassay CV was 7.5%, whereas the interassay CV was 4.0%.
Experiment 2: Treatments
For experiment 2, the D25 and HGPG treatments described in experiment 1 were compared, whereas the DO Resynch treatment was discontinued. The third treatment consisted of replacing the hCG injection 18 d after TAI in the HGPG protocol with a GnRH injection (200 μg of gonadorelin, Fertagyl). The new protocol differed from the HGPG protocol by substituting GnRH 7 d before initiation of the D25 Resynch protocol (GGPG). Figure 2 illustrates the design for experiment 2. Cows failing to conceive to a TAI service were rerandomized to treatments and inseminated until they conceived or were removed from the herd before the study was concluded.
Experiment 2: Pregnancy Diagnosis, Ovarian US, and Ovulatory Responses
Pregnancy diagnoses and ovarian US were performed as in experiment 1 except that the first pregnancy diagnosis was performed 32 d after TAI. All cows diagnosed pregnant 32 d after TAI were reevaluated us- Figure 2 . Schematic representation of treatments for experiment 2. Eleven days after a previous AI service, cows were randomly assigned to resynchronization of ovulation with the Ovsynch protocol 25 d after a previous timed AI (TAI; D25 Resynch), presynchronization with hCG 7 d before beginning D25 (HGPG Resynch), or presynchronization with GnRH 7 d before beginning D25 (GGPG Resynch) to receive their subsequent TAI service. Ovarian ultrasound (US) was performed in a subgroup of cows (n = 169) from the 3 treatments at 11, 18, 25, and 32 d after TAI to record the number and size of structures present on the ovaries, and blood samples (BS) were collected to determine progesterone (P4) concentrations. In another subgroup of cows (n = 545), blood samples were collected at the time of PGF 2α , AI, and 7 d after TAI to determine P4 concentrations. Similar to experiment 1, in a subgroup of cows from the 3 treatments (n = 169), transrectal US was performed to determine the ovulatory response to hCG and GnRH treatment 18 d after TAI and then to the GnRH injection 25 d after TAI. Ovarian US was also performed to aid in the determination of cyclicity status at 11, 18, 25, and 32 d after TAI. Additionally, ovarian US was performed in another subset of cows (n = 545) to determine cyclicity status 32 d after the previous TAI and at the time of resynchronized TAI and 7 d later to determine the ovulatory response to the last GnRH injection before TAI in all 3 treatments.
Experiment 2: Blood Sampling and Progesterone Analysis
In a subgroup of cows (n = 169) from the 3 treatments, blood samples were collected 11, 18, 25, and 32 d after TAI to determine P4 concentrations as described for experiment 1. From another subset of cows (n = 545), blood samples were collected at the PGF 2α injection of Resynch and at TAI to determine the P4 concentration at PGF 2α and subsequent luteal regression. In the same subset of cows, blood samples were collected 7 d after TAI to assess P4 concentration to be used as an aid in the determination of ovulation around the time of AI. All blood samples were handled and analyzed as described in experiment 1. Average sensitivity for the 14 P4 assays was 0.02 ng/mL. The intraassay CV was 5.4%, whereas the interassay CV was 7.7%.
Calculation of Percentage of Cows with Their Estrous Cycle Synchronized
To determine the cumulative effect of individual injections of each Resynch protocol, the percentage of cows with their estrous cycle synchronized was calculated in the subgroup of cows (n = 545) with data available for P4 concentration at the time of PGF 2α , TAI, and 7 d after TAI as well as the ovulatory response to the last GnRH before TAI. Cows were considered to have their estrous cycle synchronized when they had high P4 (≥1.0 ng/mL) before PGF 2α administration, had low P4 after PGF 2α administration at TAI (<0.2 ng/mL), and responded to the GnRH before TAI by ovulating a follicle.
Statistical Analyses
Experiment 1. The experimental design was a randomized complete block design with parity (primiparous vs. multiparous) as the blocking factor. Analyses of binary response data (P/AI and pregnancy loss) were performed by logistic regression using the GLIM-MIX procedure of SAS (version 9.2; SAS Institute Inc., Cary, NC). For P/AI at 29 and 53 d after TAI, the initial model contained the following categorical explanatory variables as fixed effects: treatment (D25 vs. DO vs. HGPG), parity (primiparous vs. multiparous), AI number (2, 3, ≥4), resynchronization treatment at the time of pregnancy diagnosis (D25 vs. DO vs. HGPG), and AI technician (1 vs. 2) as well as the interactions between treatment and parity, and treatment and AI number. The resynchronization treatment at the time of pregnancy diagnosis was included in the statistical model to test the potential effect of administering either hCG or GnRH injections after a previous TAI on the outcome of that TAI service. Given that the experimental unit was the AI breeding after resynchronization, all initial models contained both fixed and random effects. Fixed effects included in the initial models were the classification variables treatment, parity, AI number, resynchronization treatment at pregnancy diagnosis, AI technician, and the interactions between treatment and parity, and treatment and AI number, whereas cow was included as a random effect to account for any potential variation owing to cows receiving multiple AI breedings. On the basis of a covariance parameter estimate test, the random effect of cow was removed from the model so that all final models contained only fixed effects. The covariance parameter test using the ZeroG option for the GLIMMIX procedure was used to evaluate whether the matrix containing random effects could be reduced to zero. A covariance parameter test based on the residual pseudo-likelihood was run, and a nonsignificant chi-squared P-value indicated that random effects could be eliminated from the model (SAS Documentation for GLIMMIX, SAS version 9.2). After removing the random effects, selection of the fixed effects model that best fit the data for each variable of interest was performed by finding the model with the lowest value for the Akaike information criterion using a backward elimination procedure that removed all variables with P > 0.10 from the model. Both treatment and parity were forced to remain in each model. Parity was kept in the final models because it was used as a blocking factor for randomization of cows to treatments. Therefore, for P/AI at 29 and 53 d after AI, the final model contained the fixed effects of treatment and parity.
For analysis of pregnancy loss, the same categorical variables and interactions used for P/AI were used to obtain the models for pregnancy loss from 29 to 53 d after AI. The procedures and criteria used for model 5617 selection were similar to those used for P/AI. The final model included the effects of treatment, parity, and AI number.
Data collected from the subgroup of cows sampled for P4 concentration at 11, 18, and 25 d after TAI were used to determine the percentage of cows with a functional CL (≥1 ng/mL of P4) at each time point throughout the experiment. The difference in the percentage of cows with high or low P4 at each time point was determined by logistic regression using PROC GLIMMIX of SAS. The logistic regression model contained the fixed effects of resynchronization treatment and parity. Differences in P4 concentration at 25 d after TAI were analyzed by ANOVA using PROC MIXED of SAS with a model that contained the fixed effects of resynchronization treatment and parity. Before this analysis, normality of the data was assessed using the Shapiro-Wilk statistic, Q-Q plots, and probability plots. When these analytical methods suggested a lack of normality of the data distribution, data transformations were attempted to correct the lack of normality. Because of nonnormality of the data for P4 concentrations at 25 d after TAI, data were log-transformed. The ovulatory responses to hCG 18 d after TAI and then to GnRH 25 d after TAI were analyzed by logistic regression using PROC GLIMMIX of SAS. The models to assess the ovulatory response to hCG and GnRH contained the fixed effects of resynchronization treatments, parity, and the classification variable P4 concentration (high vs. low; 1.0 ng/mL cutoff) either 18 or 25 d after TAI.
Experiment 2. The experimental design for experiment 2 was also a randomized complete block design with parity as the blocking factor. Analyses of binary response data (P/AI, pregnancy loss) were performed similar to experiment 1 except that the variable season of AI service was introduced into the model for testing. For the classification of inseminations by season, AI services occurring from June 25, 2009, to September 10, 2009 (n = 500), were considered to occur during the warm season, whereas AI services occurring from September 17, 2009, to December 3, 2009 (n = 557), were considered to occur during the cool season. The initial model for P/AI at 32 and 53 d after TAI and pregnancy loss contained as fixed effects the same categorical variables and interactions used for the analysis in experiment 1 except that the variable season and the treatment × season interaction were added. The final model for P/AI at 32 and 53 d after TAI contained treatment, parity, AI number, and season as fixed effects, whereas the final model for pregnancy loss contained treatment, parity, and AI number.
Data collected from the subgroup of cows (n = 169) sampled for P4 concentration at 11, 18, and 25 d after TAI and the ovulatory response to hCG and GnRH 18 and 25 d after TAI were analyzed similarly to those described for experiment 1.
Finally, data from the subgroup of cows (n = 545) with available information for P4 concentration at PGF 2α and GnRH before TAI as well as the ovulatory response to the GnRH injection before TAI for the 3 resynchronization treatments were used to evaluate and compare the percentage of cows that had their estrous cycle synchronized and P/AI after completion of both treatments. Both percentage of cows and P/AI were calculated and compared for the different intermediate classification groups created sequentially as follows: cows with low versus high P4 at the time of the PGF 2α injection, with low versus high P4 at the GnRH before TAI (indicative of luteal regression), with ovulatory response to the GnRH injection before TAI, and synchronized or not synchronized to the protocols (synchronized vs. nonsynchronized). Statistical differences for the percentage of cows and P/AI for the different treatments were analyzed by logistic regression using either PROC GLIMMIX or PROC LOGISTIC of SAS. Receiver operating characteristic (ROC) analysis was used to determine the cutoff value for P4 at the time of AI (72 h after PGF 2α ), with the highest area under the ROC curve reflecting the highest combination of sensitivity and specificity for the occurrence of pregnancy and nonpregnancy. Cows were then classified as having either high or low P4 (indicative of complete luteal regression) at this time based on the cutoff value.
A significant difference between the levels of a classification variable was considered when P < 0.05, whereas differences between P ≥ 0.05 and P ≤ 0.10 were considered a statistical tendency. Further, the least significant difference post hoc means separation test was used to determine differences between least squares means. Data included in the text are presented as arithmetic means (±SE) obtained using PROC MEANS or percentages obtained with PROC FREQ of SAS, whereas estimates of least squares means and standard errors of the means (±SEM) are reported in the tables.
RESULTS AND DISCUSSION
Effect of Treatment on Fertility
In experiment 1, at 29 d after resynchronized TAI, cows in the DO and HGPG groups had more (P < 0.01) P/AI than cows in the D25 group (Table 1) , and they did not differ (P = 0.42) between primiparous and multiparous cows or AI service number (P = 0.98). Moreover, initiating resynchronization treatments before the pregnancy diagnosis (cows received either 1 GnRH injection when enrolled in D25 and DO Resynch or 1 hCG injection when enrolled in HGPG Resynch) did not affect (P = 0.29) P/AI to the previous insemination (D25 = 31.7%; DO = 38.0%, and HGPG = 32.3%). At 53 d after TAI, cows in the DO and HGPG groups had more (P = 0.02) P/AI than cows in the D25 group (Table 1) , and P/AI did not differ (P = 0.52) between primiparous and multiparous cows.
Pregnancy loss from 29 to 53 d after TAI was not affected (P = 0.25) by resynchronization treatment (Table 1) or parity (P = 0.67). An effect (P = 0.01) of AI number was detected for pregnancy loss from 29 to 53 d after TAI, in which cows receiving their second AI had greater pregnancy loss (14.5%) than cows receiving their third (5.2%), and fourth or greater AI (5.1%).
In experiment 2, at 32 d after TAI, P/AI was greater (P = 0.03) for cows in the HGPG group than for those in the D25 group, whereas cows in the GGPG group had intermediate P/AI (Table 2 ). In addition, at 32 d after TAI, P/AI did not differ (P = 0.17) between primiparous and multiparous cows, tended to differ (P = 0.06) by AI number (33.7, 25.9, and 29.2% for second, third, and fourth or greater AI services, respectively), and were greater (P < 0.01) during the cool than during the warm season (33.9 vs. 25.8%, respectively). Moreover, initiating resynchronization treatments before the pregnancy diagnosis (cows received either 1 GnRH injection when enrolled in D25, 2 GnRH injections when enrolled in GGPG Resynch, or 1 hCG and 1 GnRH injection when enrolled in HGPG Resynch) did not affect (P = 0.96) P/AI to the previous insemination (D25 = 27.4%; GGPG = 30.6%, and HGPG = 31.6%). At 53 d after TAI, P/AI tended to be greater (P = 0.09) for cows in the HGPG group than for those in the D25 group, whereas P/AI for cows in the GGPG group did not differ from those in the other 2 treatments (Table 2) . Pregnancies per AI at 53 d after TAI also tended to differ (P = 0.05) by AI service number (31.7, 24.2, and 26.4% for the second, third, and fourth or greater AI services, respectively) and were greater (P < 0.01) for cows receiving AI during the cool season than during the warm season (31.5 vs. 23.7%, respectively). Pregnancy loss from 32 to 53 d after TAI was not affected (P = 0.20) by resynchronization treatment (Table 2) , did not differ (P = 0.82) between primiparous and multiparous cows, and was not affected by AI service number (P = 0.49).
The results of these 2 experiments support our overall hypothesis that presynchronizing the estrous cycle 5619 before initiation of a resynchronization of ovulation protocol would increase the fertility of resynchronized dairy cows. Previous studies from our laboratory (Silva et al., 2007; Lopes et al., 2011; Giordano et al., 2012c) and by others (Dewey et al., 2010) have reported an increase in P/AI with the use of different presynchronization strategies before the initiation of either Ovsynch or Cosynch protocols for resynchronization. Conversely, another study reported no benefits of such an approach on P/AI (Alkar et al., 2011) . Taken together, the results of these studies suggest that when a single hormone injection is used to induce ovulation for presynchronization, fertility is generally improved. In the present study, treatment with hCG 18 d after TAI to presynchronize the estrous cycle increased P/AI (8 to 9 percentage points) compared with nonpresynchronized cows. It is interesting that cows resynchronized with hCG had P/AI similar to cows that received a modified Ovsynch protocol for presynchronization (i.e., the DO Resynch protocol). By contrast, because both improvement (Dewey et al., 2010) and lack of improvement (Alkar et al., 2011) in P/AI have been reported in studies using a single GnRH injection for presynchronization, the response to GnRH appears to be less consistent among studies than the response to hCG. In experiment 1, cows in both the DO and HGPG groups had greater P/AI than did cows in the D25 group, which were not presynchronized. It is interesting that cows in the DO and HGPG groups had similar P/AI, suggesting that replacing the Ovsynch protocol with a single hCG injection 7 d before the initiation of Resynch may be a viable approach to presynchronize the estrous cycle of cows for second and subsequent AI. Moreover, when compared with DO, the HGPG protocol had the advantage of a 14-d shorter interbreeding interval. In the context of the reproductive efficiency of a dairy herd, increasing P/AI via a single injection to presynchronize the estrous cycle while having a 35-d interbreeding interval may have a major effect on the rate at which cows become pregnant after first AI. In addition, resynchronization programs that have shorter interbreeding intervals can be more economically profitable than other programs that result in superior fertility but with longer interbreeding intervals .
The results of experiment 2, which was designed to test whether hCG could be replaced by treatment with GnRH 18 d after TAI, also supported the overall hypothesis of improved P/AI after presynchronization of the estrous cycle. It is interesting that when compared with the results of experiment 1, a similar improvement in P/AI (~8 percentage points) 32 d after TAI was observed for cows presynchronized with hCG. Conversely, the improvement (~6 percentage points) in P/ AI for cows presynchronized with GnRH did not reach statistical significance, suggesting that treatment with GnRH 18 d after TAI was not as effective as treatment with hCG. A slightly greater improvement in P/AI (~9 percentage points) was observed by Dewey et al. (2010) after presynchronization with GnRH 7 d before beginning Cosynch at a nonpregnancy diagnosis performed 39 ± 3 d after a previous AI. Thus, differences between the results of our study and those of Dewey et al. (2010) are manifold. For example, differences in timing of the presynchronization protocol (18 vs. 32 d after AI, respectively) may have affected the ovulatory response to the GnRH injection, as well as the fact that 100% of cows received TAI in our study, whereas only cows not detected in estrus after the previous AI completed the resynchronization protocol in the study by Dewey et al. (2010) . It is also possible that presynchronization with GnRH may be more beneficial when using a Cosynch rather than an Ovsynch-56 protocol. In contrast, Alkar et al. (2011) reported no effect of presynchronization on P/AI when cows were presynchronized with a GnRH injection 7 d before Cosynch-72 initiated at 35 ± 3 d after a previous AI. In the studies of both Alkar et al. (2011) and Dewey et al. (2010) , the resynchronization of ovulation protocols was identical except that in the former study, the first GnRH injection was given to cows 4 d earlier. Therefore, the discrepancies between these 2 studies and the results of experiment 2 may suggest that the benefit of presynchronizing cows with GnRH is dependent on the timing of the protocol, with the best results obtained when the presynchronizing GnRH injection is given around 32 d after a previous AI.
It has been well documented that the fertility of lactating dairy cows is impaired during periods of heat stress (Fricke et al., 2003; Chebel et al., 2004; Giordano et al., 2012c) because of the alteration of multiple physiological processes (Hansen and Arechiga, 1999) . Therefore, it was not surprising to observe overall lower P/AI for cows artificially inseminated during the warm season than during the cool season in experiment 2, which began during the summer months. Despite the lack of a treatment × season interaction, P/AI at 32 d after TAI for cows in the GGPG group had the greatest variation attributable to season, with a 12-percentagepoint difference, as opposed to cows in the HGPG and D25 groups, which had less variation (Table 3) . Thus, heat stress may have had a greater detrimental effect on GnRH-induced LH release (Gilad et al., 1993) , which in turn resulted in a lower ovulatory response that precluded the beneficial effect of presynchronization. More important, GnRH might be a good alternative to hCG during cool seasons because the P/AI for cows in the GGPG group was similar to that of cows presynchronized using hCG.
The tendency for P/AI to decrease with AI service number in experiment 2 was unexpected and contrasted with the findings from experiment 1. To some extent, the effect of AI number on P/AI is contentious because previous studies have also reported decreased P/ AI (Chebel et al., 2004) or no effect (Giordano et al., 2012c) of AI service number on P/AI.
Endocrine and Ovarian Parameters After a Previous TAI
Overall, the percentage of cows with a functional CL (P4 ≥ 1 ng/mL) 11 d after TAI for cows in both experiments was 90% (241/267; Figure 3A ), and these cows had a mean P4 concentration of 3.1 ± 0.1 ng/ mL. Of the cows that had a CL 11 d after TAI, 21% underwent luteal regression by 18 d after TAI based on P4 concentration. At 18 d after TAI, the percentage of cows with a functional CL was 74% (197/267; Figure  3B ), and these cows had a mean P4 concentration of 3.3 ± 0.1 ng/mL.
Under normal physiological conditions, a high percentage of cows should have a functional CL by 18 d after a previous AI. Indeed, combined data from both experiments showed that more than 70% of cows still had a functional CL and mean P4 >3.0 ng/mL by 18 d after TAI. The rationale behind the use of hCG 18 d after TAI in both experiments 1 and 2 was to overcome the suppressive effect of P4 on LH release from the pituitary (Colazo et al., 2008; Dias et al., 2010; Giordano et al., 2012a) , which in turn suppresses ovulation (Stevenson et al., 2008; Giordano et al., 2012c) . Unlike Pregnancies per AI at 32 d were affected by treatment (P = 0.03) and season (P < 0.01) and tended (P = 0.07) to differ by AI number. The effect of parity (P = 0.18) and the treatment × season interaction (P = 0.57) were not significant.
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Pregnancies per AI at 53 d after was affected by season (P < 0.01) and tended to be affected by treatment (P = 0.08) and AI number (P = 0.06). The effect of parity (P = 0.24) and the treatment × season interaction (P = 0.62) were not significant. the indirect mechanism of action of GnRH to induce ovulation, hCG has a direct effect on follicles by triggering the ovulatory process through binding directly to LH receptors on granulosa cells Roche, 1982, 1983) .
In experiment 1, the ovulatory response from d 18 to 25 after TAI was greater for cows in the HGPG group than for those in the D25 group (P < 0.01; Table 4 ) and was affected by P4 (P = 0.03). Overall, the ovulatory response for cows with ≥1.0 ng/mL of P4 was 45% (30/67) compared with 52% (13/25) for cows with <1.0 ng/mL of P4. In addition, primiparous cows (50%, 22/44) tended to have a greater (P = 0.05) ovulatory response than did multiparous cows (44%, 21/48). In experiment 2, the ovulatory response from d 18 to 25 after TAI was greater for cows in the HGPG and GGPG groups than for those in the D25 group (P < 0.01; Table 5 ) and was affected by P4 (P = 0.01). Overall, the ovulatory response for cows with ≥1.0 ng/mL of P4 was 32% (39/122) compared with 53% (24/45) for cows with <1.0 ng/mL of P4. A treatment × P4 interaction, which would indicate a lack of an effect of P4 on the ovulatory response to hCG, was not significant (P = 0.42). A primary hypothesis of these experiments was that presynchronization of the estrous cycle with a single injection of either hCG or GnRH would induce ovulation 18 d after TAI, thereby increasing the percentage of cows with a functional CL at the initiation of the Resynch protocol 25 d after TAI. Indeed, hCG induced ovulation in 76 and 59% of the cows in experiments 1 and 2, respectively, whereas GnRH induced ovulation in 48% of the cows in experiment 2. These data confirm that both hCG and GnRH are capable of inducing ovulation, albeit to a different extent, when administered 18 d after a previous TAI.
In experiment 1, P4 concentrations 25 d after TAI were greater (P < 0.01) for cows in the HGPG group than for those in the D25 group (3.4 ± 0.5 vs. 1.3 ± 0.3, respectively) and did not differ (P = 0.55) between primiparous and multiparous cows. Likewise, the percentage of cows with ≥1.0 ng/mL of P4 was affected (P < 0.01; Table 4) by treatment but was similar (P = 0.93) for primiparous and multiparous cows. The ovulatory response to the GnRH injection 25 d after TAI was similar (P = 0.14) for cows in the D25 and HGPG groups (Table 4 ) and for primiparous versus multiparous cows (P = 0.13). Furthermore, the ovulatory response was greater (P = 0.03) for cows with P4 <1.0 ng/mL (75%, 30/40) than for cows with ≥1.0 ng/mL of P4 (42%, 21/50) at the time of GnRH injection. The percentage Within a row, means with different superscripts differ (P < 0.05). of cows with follicles ≥10 mm at the time of injection did not differ (P = 0.51) between treatments (93 vs. 90% for HGPG and D25 cows, respectively). In experiment 2, P4 concentrations 25 d after TAI did not differ (P = 0.45) among cows because of treatment (2.3 ± 0.3, 2.1 ± 0.3, and 2.0 ± 0.3 for cows in the D25, HGPG, and GGPG Resynch treatments, respectively) and did not differ by parity (P = 0.52). Additionally, the percentage of cows with ≥1.0 ng/mL of P4 was not affected (P = 0.19; Table 5 ) by treatment and did not differ (P = 0.86) between primiparous and multiparous cows. The ovulatory response to GnRH treatment 25 d after TAI did not differ (P = 0.34; Table  5 ) among cows in the 3 treatments and did not differ (P = 0.86) by parity. Furthermore, ovulatory response was not affected (P = 0.18) by P4 at the time of treatment. The percentage of cows with follicles ≥10 mm did not differ (P = 0.99) among treatments (90, 100, and 100% for cows in the D25, HGPG, and GGPG treatments, respectively).
The hypothesis that presynchronization would increase the percentage of cows with a functional CL at initiation of the Resynch protocols was supported by data from experiment 1 for the use of hCG but was not supported by data from experiment 2 for either hCG or GnRH. In experiment 1, hCG dramatically increased the percentage of cows with a functional CL and P4 concentrations at the first GnRH injection of Resynch 25 d after TAI. Almost 80% of cows had a functional CL when presynchronized with hCG 7 d earlier, whereas fewer (32%) nonpresynchronized D25 cows had a functional CL. For D25 cows, these observations may be explained, at least in part, by the timing of US evaluation. It is possible that by 25 d after a previous TAI, some cows may have recently regressed their CL but not yet ovulated, or alternatively, that ovulation occurred within 1 to 3 d of sampling and the CL was not producing much P4. The latter is a very likely scenario because the average duration of the estrous cycle in lactating dairy cows is 22.9 ± 0.7 d rather than 21 d (Sartori et al., 2004) . In experiment 2, despite the fact that an additional 17% of cows in the HGPG group had a functional CL 25 d after TAI, this difference was not statistically significant. Similarly, P4 was not affected by treatment at this time. Therefore, it seems that the lack of difference may have been due to a lesser ovulatory response to hCG in cows in the HGPG group or to a greater percentage of cows with either incomplete luteal regression or ovulation by at least 3 to 4 d before blood sample collection 25 d after TAI in cows in the D25 group. Indeed, in groups of lactating dairy cows previously inseminated and failing to conceive, both situations have been reported (Giordano et al., 2012b) .
The percentage of cows in the GGPG group with a functional CL 25 d after TAI was intermediate between cows in the D25 and HGPG groups, and P4 concentrations were similar to those of the other treatments. Even though these results were obtained from few cows in the present experiments, results suggest that 200 μg of GnRH may not be as effective as 2,000 IU of hCG for presynchronizing cows 18 d after AI. Further research is needed to confirm these observations. In contrast, Dewey et al. (2010) reported that treatment with GnRH 7 d before enrollment in the Cosynch-72 protocol for resynchronization tended to increase the number of cows with a functional CL and increased the number of CL per cow. Similar observations were made by Alkar et al. (2011) after presynchronization with GnRH. Nevertheless, results from the latter study should be interpreted with caution because of the low number of cows evaluated and the lack of statistical comparisons between treatments.
The ovulatory response to the first GnRH injection of the Resynch protocols 25 d after TAI did not differ between treatments in either experiment; however, it was affected by P4 in experiment 1 but not in experiment 2. Overall, the percentage of cows ovulating in both experiments (~57%) was either similar (Silva et al., 2007) or greater than those reported in previous studies (Dewey et al., 2010; Giordano et al., 2012c) . We speculated that few cows would have follicles with ovulatory capacity at this time, considering an average interovulatory interval of 22.9 d in lactating dairy cows (Sartori et al., 2004) . It was surprising that more than 90% of cows had at least 1 follicle >10 mm in diameter, the minimum ovulatory size in lactating dairy cows (Sartori et al., 2001 ). In addition, the greater ovulatory response after GnRH treatment might have resulted from using 200 μg of GnRH instead of the labeled dose of 100 μg. We chose to use an increased GnRH dose because ovulatory response was increased by using 200 μg compared with 100 μg of GnRH (Giordano et al., 2009) . It is also possible that the ovulatory response to GnRH treatment 25 d after TAI may have been slightly overestimated because of spontaneous ovulations occurring a few days before GnRH treatment and not detected by US. The suppressive effect of P4 on ovulation in experiment 1 agrees with results from cows treated 18 d after TAI as well as with reports from other studies (Stevenson et al., 2008; Buttrey et al., 2010; Giordano et al., 2012c) and may have been the result of P4 suppression on GnRH-induced LH secretion (Colazo et al., 2008; Dias et al., 2010; Giordano et al., 2012a) . By contrast, the lack of difference in the ovulatory response between cows with high versus low P4 (despite a clear trend for a greater ovulatory response in cows with low P4) in experiment 2 was unexpected and is likely due to a type II statistical error because of the number of cows evaluated.
Effect of Treatment on Response to Resynchronization Protocol Injections in Experiment 2
For a subset of cows with complete information on multiple physiological parameters, the response to specific treatments during the synchronization protocols was evaluated (Table 6 ). At the PGF 2α injection, each treatment had a similar (P = 0.16) percentage of cows with P4 <1.0 ng/mL (Table 6) , and P/AI were equally poor for cows among the 3 treatments with P4 <1.0 ng/mL (P = 0.32; Table 6 ).
The P4 cutoff that indicated complete luteal regression at TAI based on an ROC curve in the present experiment was 0.2 ng/mL. The sensitivity and specificity were 94 and 28%, respectively, and area under the ROC curve was 60%. After eliminating cows with low P4 (<1.0 ng/mL) at PGF 2α , a greater percentage of cows in the D25 and GGPG groups had high P4 (≥0.2 ng/mL) at TAI, indicating a greater rate of incomplete luteal regression compared with cows in the HGPG group, and these cows had few P/AI (Table 6 ). After eliminating cows with high P4 at TAI (≥0.2 ng/mL), cows that had high P4 at the PGF 2α injection (≥1.0 ng/mL) and that had complete luteal regression at TAI (<0.2 ng/mL) were analyzed for the ovulatory response to the final GnRH injection of the resynchronization protocols. Treatment did not affect (P = 0.82) the proportion of cows failing to ovulate to the final GnRH injection of the protocols. None of the cows failing to ovulate to the GnRH treatment was diagnosed pregnant 32 d after TAI (Table 6 ). Therefore, on the basis of the criteria used to classify cows that responded to or failed to respond to the resynchronization protocols (≥1.0 ng/mL of P4 at PGF 2α , <0.2 ng/mL of P4 at TAI, and ovulation to GnRH before TAI), a greater (P < 0.01) percentage of cows in the HGPG and GGPG groups were synchronized compared with cows in the D25 group (Table 6 ). Overall, P/AI for cows that were not synchronized were lower than P/AI for synchronized cows and did not differ between treatments for both nonsynchronized (P = 0.51) and synchronized cows (P = 0.99; Table 6 ).
The ultimate goal of synchronization of ovulation protocols is to maximize the number of cows that respond adequately to each of the hormonal injections Within a row, means with different superscripts differ (P < 0.05). 1 Cows were resynchronized for the second and subsequent AI services by starting the Ovsynch protocol 25 d after a previous timed AI (TAI; D25, control), presynchronization with human chorionic gonadotropin 7 d before beginning D25 (HGPG), or presynchronization with GnRH 7 d before beginning D25 (GGPG). 2 The progesterone (P4) cutoff used to classify cows as having high versus low P4 at PGF 2α in the present experiment was 1.0 ng/mL. The P4 cutoff used to classify cows as having high versus low P4 at TAI in the present experiment was 0.2 ng/mL.
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Ovulation was defined as the presence of a follicle ≥10 mm at the initial ultrasound (US) scanning (time of resynchronized AI) and presence of a new corpus luteum in the same location 7 d later at the second US examination. 6 Cows were considered to have their estrous cycle synchronized according to the following criteria: ≥1.0 ng/mL of P4 at PGF 2α , <0.2 ng/mL of P4 at TAI, and ovulation to GnRH before TAI.
to ensure a properly synchronized ovulation for TAI. Regardless of the treatment applied, optimal fertility after TAI is achieved when cows respond appropriately to the hormonal injections of the protocol (Giordano et al., 2012c) . It is interesting that a greater percentage of cows presynchronized with either hCG or GnRH responded to each of the injections of the resynchronization protocols (PGF 2α and second GnRH of Resynch), which may explain in part the improvement in fertility observed in experiment 2 for cows in the HGPG group. Pregnancies per AI 32 d after TAI in cows that responded to each injection of the protocols were 7 to 14 percentage points greater than the mean for the treatments including all cows and were significantly greater than P/AI of cows that were not synchronized. These findings agree with those of Giordano et al. (2012c) and suggest that a major reason for poor P/AI in resynchronized cows is a lack of synchronization to the protocol.
CONCLUSIONS
Presynchronization of the estrous cycle with hCG 7 d before initiating resynchronization of ovulation 25 d after TAI induced ovulation and increased P/AI when compared with nonpresynchronized cows. Furthermore, the fertility observed in cows presynchronized with hCG was similar to that of cows resynchronized with a DO Resynch protocol. Replacing the hCG injection with GnRH did not increase P/AI when compared with that of nonpresynchronized cows. Presynchronization with hCG increased fertility by increasing synchronization to the protocol. We conclude that presynchronization with hCG 7 d before the start of a resynchronization program initiated 25 d after a previous TAI improved the fertility of lactating dairy cows while resulting in a shorter interbreeding interval than other protocols that have been reported for resynchronization of ovulation in lactating dairy cows.
